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(57) Abstract 

A system and method of providing a prepaid subscriber service to a mobile sut)scriber in an integrated wireless 
telecommunications networtc (10) having a circuit-switched portion and a General Packet Radio Service (GPRS) packet-svwtched 
portion. A prepaid subscriber class (PPSC) (40) is stored in a home location register (HLR)(16), and the PPSC is sent from the 
HLR to a serving mobile switching center (MSG) (11) wrtien the subscriber registers in the circuit-switched portion of tiie network. 
The PPSC is sent from the HLR to a serving GPRS support node (SGSN)(12) when the subscriber registers in the packet-svwtched 
portion of the network. Also, the PPSC may be sent from the SGSN to a Gateway GPRS Support Node (GGSN) (25) in order to 
indicate that the subscriber is a prepaid subscriber. When the mobile subscriber begins a packet-switched data session, the SGSN, 
GGSN, or both periodically send partial call data records (CDRs) to a prepaid center (PPC)(19). When the mobile subscriber begins 
a circuit-switched call, the MSC periodically sends partial CDRs to the PPC. The PPG calculates in near real time, a new account 
balance for the prepaid subscriber. The current call is disconnected, and prepaid services are stopped when the account balance 
is reduced to zero. 

(57) Abr6g6 

L'invention conceme un systems et un proc6d6 de fourniture de service abonn§ pr6pay6 d un abonn6 mobile, dans un r&eau de 
t6l6communication sans fil int6gr6 (10) possidant une partie d commutation de circurts et une partie de radiocommunications 
g6n6rale d commutation de paquets (GPRS). Une classe d'abonn6 & abonnement pr6pay6 (PPSG) (40) est m6moris6e dans un 
enregistreur de location nominale (HLR)(16), et le PPSC est envoy6 du HLR d un centre de commutation mobile de desserte (MSC) 
(11) lorsque l'abonn6 s'inscrtt dans la partie d commutation de circuits du rfeeau. Le PPSC est envoy6 du HLR d un noeud de 
support GPRS (SGSN)(12) lorsque l'abonn6 s'insorit dans la partie d commutation de paquets du r&eau. Par ailleurs, le PPSC peut 
&bre envoy6 du SGSN d un noeud de support GPRS d [»^erelle_(GGSN)(25), Je sojte quil MrUndiq^ si l'abonn6 est un abonn6 d 
abonnement pr6pay6. Lorsque I'abonnS de mobile comrnence une session de donn6es d commutation de paquets, le SGSN, GGSN 
ou les deux envoient p6riodiquement des fiches de donn6es d'appel partiel (GDR) d un centre de pr6paiement (PPG)(19). Lorsque 
rabonn6 mobile commence un appel d commutation de circuits, le MSG envoie p6riodiquement des CDR partielles au PPC. Le PPG 
calcule en temps quasi-r6el, un nouveau solde de compte pour rabonn6 d abonnement pr^payd. L'appel en cours est d6connect6 et 
les sen/ices pr4payte sont inten'ompus lorsque le solde est rdduit d z^ro. 
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(54) TlUe: PREPAID SUBSCRIBER SERVICE FOR PACIOET-SWITCHED AND CIRCUrr-SWrrCHED RADIO TELECOMMUNI- 
CATIONS NETWORKS 

(57) Abstract 

A system and method of 
providing a prepaid subscriber ser- 
vice to a mobile subscriber In an 
integrated wireless telecomromii- 
cations netwoit (10) having a cir- 
cuit-switched poTtios and a Gen- 
eral Packet Radio Service (GPRS) 
packet-switched portion. A pre- 
paid subscriber class (PPSQ (40) 
Is stored in a home location reg- 
ister (HLR)(16), and the PPSC 
is sent from t)w HLR to a cetv- 
ing mobile switching center (MSG) 
(11) when the subscriber regis- 
ters in tin circuit-switched po> 
tion of die network. The PPSC 
is sent firom the HLR to a serving 
GPRS su])pott node (SGSN)(12) 
when the subscriber registers in the 
packet-switched portion of the net- 
woit. Also, die PPSC liiay be . 
sent fipom the SGSN to a Gateway 
GPRS Support Node (GGSN) (25) 
in rader .to indicate that the sub- 

scriber is a prepaid subscriber. When flie mobile subsmbcr begins a packet-switched data session, flie SGSN, GGSN, or both penodically 
send partial call data records (CDRs) to a prepaid center (PPCKI9). Wl>en the mobile subscriber begins a circuit-switched call, flic MSC 
periodically sends partial CDRS to die PPC The PPC calculates in near real time, a new account balance for the prepaid subscriber. The 
cunent call is disconnected, and prepaid services are stopped when die account balance is reduced to zero. 
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PREPAID SUBSCRIBER SERVICE FOR PACKET-SWITCHED AND 
CIRCUIT-SWITCHED RADIO TELECOMMUPaCATIONS NETWORKS 



BACKGROUND OF THE INVENTION 

15 5 Technical Fie ld of the Invention 

This invention relates to telecommunication systems and, more particularly, 
to a system and method of providing a prepaid subscriber service in a packet-switched 
radio telecommunications network and in ah integrated circuit-switched and packet- 
switched radio telecommunications network. 
10 description of Related Alt 

Prepaid subscriber service is currently provided only in circuit-switched radio 
25 telecommunications netwoiks. Prepaid service keeps track of an account balance for 

a subscriber and subtracts charges fiom the account balance as the subscriber uses 
phone service. In order to do this effectively, a technique for calculating charges in 
15 near real time is reqiured. In tiiis way, if the subscriber depletes his prepaid account 
balance, the netwodc denies him access if he tries to make further calls. In addition, 
if the prepaid account balance is dqileted during an ongoing call, and the subscriber 

does not hang up, ibe network disconnects the call. 
35 Thereareseveralwaysofprovidingnearrealtimebillinginfbiinationincircuit 

20 switched networks. For designated prepaid subscribers, a Call Data Record (CDR) 
may be output either immediately after a call is disconnected or at periodic intervals 
during Ae call. A Subscribe Type field is defined in the subscriber record in the 
subscriber's Home Loc^on Register (HLR) and is used to designate a prepaid 
subscriber. The Subscriber Type field is transferred to the Visitor Location Regista 
25 (VLR) or Mobile Switdiing Center (MSG) serving the subscriber. The Subscriber 
4S Type field indicates to the serving node tiiat the subscriber has a prepaid subscription. 

Under regular billmg procedures, a complete CDR is sent out at the end of a 
call to an associated storage Systran. CDRs are stored and accumulated there for a set 
amount of time which is configurable by the oprntor. For example, the call data 
30 records may be accumulated for 24 hours before being sent to a billing center where 
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the subscriber is diarged. For prq)aid subscriber service, the process is accelerated in 
the circuit-switched network. The MSC recognizes the Subscriber Type field and 
provides partial CDRs during each call for the prepaid subscriber directly to a prepaid 
center, or throu^ a billing gateway to the prqiaid center. The amount of time 

S betweoi partial data records is configurable, for example, S minutes, 1 5 minutes, etc. 
Partial CDRs contain Hhe same information as a complete CDR, but are sent out more 
rapidly and may cover only part of the call. The partial CDRs bypass the storage 
system so that charging information can be calculated in near real time. 

The prq>aid center includes rate information and converts call duration to a 

10 charge. It also subtracts the charges fiom the account balance as the call progresses 
in order to detennine the subscriber's account balance in near real time. If the balance 
reaches zero and the call is still ongoing, the prepaid center sends an instruction to the 
HLR to remove the subscriber' s subscription. This has the effect of disconnecting the 
call since it triggers ttie HLR to send a message to the MSC telling it that the 

IS subscription has been erased. The MSC then disconnects the call. 

The existing method of providing prepaid service, however, has several 
disadvantages. First, the Subscriber Type field described above is a manufacturer's 
proprietary field which is recognized only by network nodes manufactured by the 
specific manti&cturer implemoiting the field. A standardized method is needed. 

20 Second, the existing method has only been used in circuit-switched wireless networks, 
and there is no known mefliod of providing prepaid subscriber service in a packet- 
switched network. 

In order to overcome the disadvantage of existing systems, it would be 
advantageous to have a standardized system and method of providing prepaid 
25 subscriber service in both circuit-switdied and packet-switched radio 
teleconmiunications networks. The present invention provides such a system and 
method. 

SUMMARY OF THE INVENTION 
30 In one aspect, the present invention is a method of providing a prepaid 

subscriber service to a mobile subscriber in a wireless packet-switdied 
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telecommnnications network such as tte General Packet Radio Service (GPRS). The 
meAod includes the stq>s of storing a prepaid subscriber class (PPSC) in a home 
location register (EILR) in tiie network, and sending the PPSC fiom the HLR to a 
Serving GPRS Service Node (SGSN) when the subscriber registers. When the 
5 subscribo- begins a data session, the SGSN periodically sends partial call data records 
(CDRs) during the data session to a prepaid center (PPC). The partial CDRs may 
cover charges for radio network usage. A Gateway GPRS Service Node (GGSN) may 
send partial CDRs covering data networic usage. This is followed by calculating in the 
PPC in near real time, a new account balance for the subscriber, .and ending the data 
1 0 session when the account balance is reduced to zero. 

In ano&er aspect, the present invention is a method of providing a prepaid 
subscriber service to a mobile subscriber in an integrated wireless teleconununicaticns 
network having a circuit-switched portion and a packet-switched portion. The method 
includes the st^s of storing the PPSC in the HLR in the network, sending the PPSC 
1 5 from the HLR to an MSC serving the prqiaid subscriber v/hm the subscriber registers 
in the circuit-switched portion of the network, and sending the PPSC from the HLR 
to a packet-switched service node serving the prepaid subscriber when the subscriber 
legisterB in the padtet-switched portion of the network. Also, the PPSC may be sent 
inter-nodally from one packrt-switdied node to another, for example, from a serving 
20 node to a gateway node, at a Packet Data Protocol (PDP) context activatioa Upon 
beginning a ciicuit-switched call by the mobile subscriber, the MSC periodically sends 
partial CDRs to the PPC. Upon be^nning a packet-switched data session by the 
mobile subscriber, the packet-switched service nodes, for example, both serving and 
gateway nodes, periodicaUy send partial CDRs to tiie PPC. This is followed by 
25 calculating in the PPC in near real time, a new account balance for the prepaid 
subscriber, and stopping the prepaid subscriber service when the account balance is 
reduced to zero. 

fa yet another aspect, the present invention is a method of providing a prepaid 
subscriber service to a mobile subscriber in a wireless packet-switched 
30 telecommunications network which includes sending a Subscriber Type field in a 
message from the HLR to a packet-Bwitched service node serving the mobile 
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subscriber when tiie subscriber registers witii the service node. Also, the Subscriber 
Type may be sent iater-nodally fiom one packet-switched node to another, for 
example, fiom the serving node to a gateway node, at a Packet Data Protocol (PDP) 
context activatioiL Upon bpgiiming a packet-switched data session by the mobile 
S subscriber, the packet-switched nodes, for example, both serving and gateway nodes, 
periodically send partial CDRs to the PPG. This is followed by calculating in the PPC 
in near real time, a new account balance for fhe subscriber, and ending the data session 
wtoi the account balance is reduced to zero. 

In a still further aspect, the present invention is directed to a method of 
10 providing aprepaid subscriber service to a mobile subscriber in an integrated wireless 
telecommunications netwoik having a circuit-switched portion and a packet-switched 
portion. The method provides for creating in a home location register (HLR) in the 
netwoik a subscription for at least one of a circuit-switched service and a packet- 
switched service, for the mobile subscriber. The method also creates in a prepaid 
1 5 center (PPC) an account for at least one of the circuit-switched service and the packet- 
switched service for the mobile subscriber. The method includes the step of sending 
aprepaid subscriber class (PPSC) in a message &om the HLR. to a Mobile Switching 
Center (MSG) serving the prepaid subscriber when the subscriber registers in flie 
circuit-switched portion of the networic Further, when fhe subscriber registers in the 
20 packet-switched portion of the network, the prq)aid subscriber class (PPSG) is sent via 
amessage from Ac HLR to a serving packet-switched service node serving the prepaid 
subscriber. The PPSC may also be sent inter-nodally from one packet-switched node 
to another, for example, fiom the serving node to a gateway node, at a Packet Data 
Protocol (PDP) context activatioiL Upon beginning a packet-switched data session by 
25 tiie mobile subscriber, the packet-switched nodes, for example, both serving and 
gateway nodes, periodically send partial CDRs to the PPC. Also, upon beginning a 
circuit-Switched call by the mobile subscriber, partial call data records (CDRs) are 
periodically sent fiom the MSC to the PPC. A new account balance for the prepaid 
subscriber's account is calculated in the PPC in near real time, and the method stops 
30 at ieast one of the circuit-switched sarvice and the packet-switched service when the 
account balance is reduced to zero. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The jnvention will be better understood and its numerous objects and 
advantages will become more apparent to those skilled in the art by te&rence to the 
following drawings, in conjunction with the accompanying specification, in which: 
5 FIG. 1 is a simplified blodc diagram of a wireless network which implements 

a Prepaid Center (PPC) in an integrated network which combines a circuit-switched 
wireless network with a General Packet Radio Service (GPRS) packet-switched 
wireless network; 

FIG. 2 is a message flow diagram illustrating the flow of messages between 
10 networic nodes during a combined GPRS/IMSI Attach procedure followed by a data 
session by a prepaid subscriber in the GPRS portion of the mtegrated wireless nelworis 

of no. 1; 

FIG. 3 is a message flow diagram illustrating ihe flow of messages between 
network nodes during an Inter-SGSN Routing Area Update procedure; 
IS FIG. 4 is a message flow diagram illustrating the flow of messages between 

network nodes during a Packet Data Protocol (PDP) Context Activation procedure; 

FIG. 5 is a table illustrating the fields included in the Create PDP Context 
Request sent from the SGSN to the GGSN in the PDP Context Activation procedure 
of no. 4; 

20 FIG. 6 is a table illustrating the fields passed bom the HLR to the SGSN 

during the Insert Subscriber Data operation; 

FIG. 7 is a message flow diagram illustrating the flow of messages between 
network nodes during a GPRS Attach and TIA/EIA-136 Registration procedure 
foUowed by a call by a prepaid subscriber in the circuit-switched portion of the 
25 integrated wireless network of FIG. 1; 

FIG. 8 is a message flow diagram illustrating the flow of messages between 
network nodes during an Inter-SGSN Re-Selection procedure; 

FIG. 9 is a flow chart iUustrating the steps of tbs present invention when 
creating a Prepaid Subscription in the SIM Personalization Center (SPC); 
30 FIG. 10 is a flow chart illustrating the steps of the present invention when 

creating or updating a Prepaid Subscription in the PPC and the HLR; 
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FIG. 1 1 is a flow chart illustrating the steps taken by the PPC when partial 
CDRs are received for a prepaid subscriber; and 

FIG. 12 is a message flow diagram illustrating the flow of messages between 
network nodes when terminating a Prq>aid Subscription. 
5 . 

DETAILED DESCRIPTION OF EMBODIMENTS 

FIG. 1 is a simplified block diagram of an integrated wireless network (10) 
which combines a circuit-switched wireless networic with a General Packet Radio 
Service (GPRS) packet-switched wireless network. Dotted lines between nodes 
10 represent Transmission Control Protocol/ Internet Protocol (TCP/IP) connections 
while dashed lines represent Signaling System 7 (SS7) connections. Although the 
description herein specifically discusses a GPRS packet-switched wireless network as 
the preferred embodiment, the claimed invention is equally q>plicable to other packet- 
switched data networks. 
15 A Mobile Switching Center (MSC) 1 1 and a Serving GPRS Support Node 

(SGSN) 12 are counterpart switching nodes in the circuit-switched network and the 
GPRS packet-switched network, respectively. The MSC and the SGSN are connected 
to a shared Base Station System (BSS) 13 which communicates over an air-interface 
radio link 14 with Terminal Equipment (TE) and Mobile Tenninals(MT) IS. AHome 
20 Location Register (HLR) 16 is also shared between the circuit-switched and the 
packet-switched networks, and stores subscriber information which is utilized in both 
networks. An Authentication Center (AuC) 17 connected to or co-located with the 
HLR authenticates MTs that are attempting to access the network. 

A Short Message Service Gateway Mobile Switchmg Center (SMS-GMSC) 
25 18 provides SMS service to both networks. A Prepaid Center (PPQ 19 includes rate 
information and converts call duration to a charge. It also subtracts calculated charges 
fiom a prq)aid subscriber's account balance as calls progress in order to determine the 
subsctibo-' s account balance in near real time. For packet-switched data sessions, the 
PPC may also consider other factors such as, for exmsple, the volume of data 
30 transmitted and Hbe Quality of Service provided whm determining the charge for a 
data session. Thus, a one-minute session in which 100 kilobytes of data are 
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transmitted may be more expensive than a one-minute session in which only 10 
kilobytes of data are transmitted. The PPC may also function as a SMS Service Center 
by sending short messages with a subscriber's account status to the SMS-GMSC. 

The MSG 1 1, SGSN 12 or a Gateway GPRS Si^iport Node (GGSN) 25 may 
5 be connected directly to the PPC fliroug}i an Intra-PLMN IP Backbone 2 1 or through 
a Mediation Device (MD) 22. An Interactive Voice Response (IVR) device 23 may 
be implemented between the MSC 1 1 and the PPC. For mobile telecommunications 
networks such as the Global System for Mobile Communications (GSM), a SIM ■ 
Personalization Center (SPC) 24 may be utilized to program SIM cards for use in 
10 MTs. The GGSN 25 is a gateway which links the integrated network with other 
systems such as tile Internet 26. The Intra-PLMN IP Backbone 21 may also be utilized 
to connect the network with the World Wide Web (WWW) 27. Calls fiom the Public 
Switched Telephone Network (PSTN) 28 enter the network tWugJi the MSC 1 1. 

The present invention tqiplies not only to GSM/GPRS systems, but also to any 
15 mobile telecommunication system using GPRS Si^port Nodes as their packet- 
switched backbone. Thus, ttie GPRS Netwodc Reference Model as specified in ETSI 
GSM 03.60 may be utilized for GSM/GPRS systems, and the GPRS Network 
Reference Model as specified in TIA/EIA SP-4027-932 may be utilized for 
TDMA/GPRS systems. 
20 The present invention introduces a new subscriber class in the HLR 16 as 

described in Table 1 below rather than using die proprietary Subscriber Type field in 
the subscriber record. This new subscriber class 

defiaies in the HLR the prepaid capability of fee subscriber for both packet-switched 
(PS) and circuit-switched (CS) services. With the nnplcmentation of this new class 
25 in the subscriber profile, the subscriber can have dther a combined packet-switched 
and circuit-switched prqiaid subscription, a separate circuit-switched subscription, or 
a separate packet-switched subscriptioiL 



wo 00/69118 



FCr/SEOO/00813 



-8- 







10 


CS Prepaid Subscription Active 


11 


PS & CS Subscription Active 



Table 1 

Mobile subscribers may simultaneously subscribe to both circuit-switched and 



S packet-switched services. These subscriptions may be structured as a single combined 
subscription, or as two independent subscriptions. If the subscriptions are combined, 
and the subscription is erased at either step 58 (FIG. 2) or step 1 12 (FIG. 7). then the 
subscriber loses both services. This embodiment requires that a combined account be 
created in the PPC 1 9, and that the proprietary Subscriber Type field be added to the 
10 subscriber record in the HLR 16. The field indicates a combined subscription, and 
when Ae balance in the subscriber's combined account is reduced to zero due to call 
activity in either the circuit-switched or the packet-switched portion of the network, 
both services are terminated. The Subscriber Type field has been used in circuit- 
switched netvnnks, but its use in packet-switched networks is new. 
15 Alternatively, the subscriptions may be structured as two independent 

subscriptions. In this case, two separate accounts are created for the subscriber in the 
PPC 19, one account for circuit-switched services, and one account for packet- 
switched services. If one of the subscriber's account balances is reduced to zero due 
to call activity in either the circuit-switched or the packet-switched portion of the 
20 network, only the service being utilized is lost. Thus, if the subscriber is conducting 
a data session and the pack^-switched account balance reaches zero, the HLR 16 
sends a message to the SGSN 12 indicating that the packet-switched subscription has 
been erased. This causes the SGSN to end the data session and stop providing packet- 
switched services until &e subscription is restored. Circuit-switched services, 
25 however, are not affected. Likewise, if the subscriber is on a voice call and the circuit- 
switched account balance reaches zero, the HLR 16 smds a message to the MSG 1 1 
indici'ti^'g Aattihe circuit-switched stibscriptionhas beenerased. This causes the MSG 
to end the voice call and stop providing circuit-switched services until the subscription 
is restored. Packet-switched scrvices, however, are not affected. This embodiment 
30 docs not require use offlie Subscriber Type field, but uses the prq>aidsubscribCT class 
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(PPSC) in the REGNOT Return Result message (for circuit-switched services) and in 
the Insert Subscriber Data Request and Create PDF Context Request messages (for 
packet-switched services). 

In general, when a MT registers in the circuit-switched network, the MSC 
5 sends a REGNOT Invoke message to the HIJl to obtain subscriber data. TbeHLR 
returns subscriber data to the MSC and includes the prepaid subscriber class (PPSC). 
Ucewise, when a MT registers in the packet-switched GPRS networic, the SGSN 
sends an Update Location message to the HLR. At registration, the HLR sends the 
prepaid subscriber class to the SGSN in the Insert Subscriber Qata message. This 
10 information is forwarded to the GGSN at PDP Context Activation using &e Create 
PDP Context Request message. The use of a standard subscriber class rather than 
adding a proprietaiy Subscriber Type field in fhe subscriber record improves 
interoperability among multiple vendors. 

FIGS. 2 and 3 illustrate message flows in a GSM/GPRS system. FIG. 2 is a 
IS message flow diagram illustrating the flow of meraagesbetweennetworic nodes during 
a combined GPRS/IMSl Attach procedure followed by a data session by a prepaid 
subscriber in the GPRS portion of the integrated wireless network of FIG. 1 . The 
session is conducted between the MT 1 5 and Tenninal Equipment (TE) 30 located in 
adatanetwoik. Atstep33, an Attach Request is sent from the mobile terminal 15 to 
20 theNewSGSN12. Then at 34, the network performs identification and authentication 
proceduiBS. At 35, the New SGSN sends an Update Location message 35 to the HLR 
16. TheHLRflicnsendsat36,aCancelLocationmessagetothe01dSGSN. TheOld 
SGSN returns a Cancel Location Acknowledgment 37. The HLR then sends an Insert 
Subscriber Data message 38 to the New SGSN and includes the Prepaid Subscriber 
25 Class(PPSC)40.TheNewSGSNretumsanInsettSubscrib€rDataAcknowledgment 
39 to the HLR. The HLR ftcn sends an Update Location Acknowledgment 41 to the 
New SGSN. 

At step 42, the New SGSN 12 sends a Location Updating Request to the New 
MSCAHLR 11. The New MSCAHLR sends an Update Location message 43 to the 
30 HLR 16 \iiiiich m turn sends a Cancel Location message 44 to an Old MSC/VLR 32. 
The Old MSCA^ returns a Location Acknowledgment 45 to the HLR. The HLR 
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theii sends an Insert Subscriber Data message 46 to the New MSCAHJl and includes 
theFPSC40. TbeNewMSCAnLRretumsanlnsertSubscriberDataAcknowIedginent 
47 to the HLR. The HLR then sends a Location Acknowledgment 48 to the New 
MSCA^LR. The New lOSCfVlR sends an Update Location Acknowledgment 49 to 
5 the New SGSN. The New SGSN then sends an Attach Accept message SI to the 
mobile termiiud IS. 

A data session is then set \ip following known GPRS procedures at 52. The 
New SGSN 12. in response to receiving the PPSC starts sending partial CDR's S3 to 
the PPC 19. Upon receipt of each partial CDR, the PPC calculates anew balance in 
10 the Prepaid Subscriber's account at 54, and determines whether the account balance 
is greater than zero (0). This continues until a partial CDR 55 is received in the PPC, 
and calculations at 56 show ibat the Prepaid Subscriber's account balance is equal to 
zero. The PPC then sends a message 57 to the HLR 1 6 with an indication to erase the 
Prepaid Subscriber's subscription. The HLR in turn sends a message to the New 
15 SGSN 12 indicating that the subscription has been erased. Hie New SGSN then ends 
the session with the mobile teiminal at 59. 

FIG. 3 is a message flow diagram illustrating the flow of messages between 
network nodes during an Inter-SGSN Routing Area Update procedure. At 61 , the 
mobile terminal 1 5 sends a Routing Area Update Request to the New SGSN 1 2. The 
20 New SGSN soids an SGSN Context Request message 62 to the Old SGSN 3 1 which 
returns an SGSN Context Request message at 63. At 64, the network performs 
security functions. At 65, tiie New SGSN sends an SGSN Context Acknowledgment 
to the Old SGSN. At 66 the Old SGSN then forwards packets to tiie New SGSN. At 
67. the New SGSN sends an Update Packet Data Protocol (PDP) Context Request to 
25 flie GGSN 25 wfaidi returns an Update PDP Context Response 68 to the New SGSN. 
The SGSN then sends an Update Locationmessage69 to theHLR 16. TheHLRsends 
a Cancel Location message 71 to the Old SGSN which returns a Caned Location 
Acknowledgment 72. 

At 73, the HLR 1 6 sends an Insert Subscriber Data message to the New SGSN 
30 12. and includes the PPSC 40. The New SGSN then returns an tasert Subscriber Data 
Acknowledgment 74 to the HUL The HLR flien sends an Update Location 
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Acknowledgtnent 75 to the New SGSN. The NEW SGSN then sends a Routing Area 
Update Accept message 76 to the mobile tenninal 15. The mobile terminal returns a 
Routing Area Update Complete message 77 to the New SGSN, and the process is 
complete. 

5 Thus, the Insert Subscriber Data message 73 is modified in order to cany the 

new prepaid subscriber class (PPSC) 40. The impacts are similar for the Combined 
Routing Area/Location Area Update in the case of the Inter-SGSN Routing Area 
Update procedure where both Insert Subscriber Data messages cany the PPSC to the 
New SGSN and the New MSCAOJEl. 
10 FIG. 4 is a message flow diagram illustrating the flow of messages between 

network nodes during a PDP Context Activation procedure. FIG. 4 is applicable to 
both GSM/GPRS and TDMA/GPRS systems. At step 81, the mobile tenninal 15 
sends an Activate PDP Context Request message to the SGSN 12. The network then 
performs security flmctions at 82. At 83, the SGSN sends a Create PDP Context 
15" Request message to the GGSN 25 and mcludes the PPSC 40. After the GGSN 25 
receives the PPSC in the Create PDP Context Request message, it is aware that flie 
subscriber has a prepaid service and that it can start generating partial CDRs now and 
send them to the PPC as appropriate. At 84, the GGSN returns a Create PDP Context 
Response message to the SGSN. The SGSN then sends an Activate PDP Context 
20 Accept message 85 to the mobile terminal 1 5, and the process is complete. 

FIG. 5 is a table illustrating the fields stored in the GGSN 25 for one PDP 
context Pr^aid Subscriber Class (PPSC or Prepaid) 40 is a new field indicating a 
subscriber's prepaid status. ' 

FIG. 6 is a table illustrating the Mobility Management and PDP Context 
25 information fields stored in the SGSN 12 for an MS in standby and ready state, 
provided in accordance wifli the teachings of the present invention. 

FIGS. 7 and 8 illustrate message flows utilizing ANSI-41 signaling in 
TDMA/GPRS systfflns. The TDMA system modifications are similar to those made 
in GSM systems. The TDMA Wireless Systems specification (SP-4027-932) uses the 
30 same GSM MobUe Application Part (MAP) operations (i.e.. Insert Subscriber Data 
procedure) between the SGSN and the GPRS HLR. The primary modification is in 
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the ANSI-41 Registration Notification (REGNOT) and Qualification Request 
(QUALREQ) operations whae the new PPSC 40 is included in the REGNOT and 
QUALREQ Retun Result messages. 

FIG. 7 is a message flow diagram illustrating the flow of messages between 

S network nodes during a GPRS Attach and TIA/EIA-136 Registration procedure 
followed by a call by a prepaid subscriber in the circuit-switdied portion of the 
integrated wireless networic of HG. 1. At stqi 91, the mobile terminal 15 sends an 
Attach Request message to tiie New SGSN 12. The network them performs the 
combined GPRS/IMSI Attach procedure shown in Figure 2, steps 34 &rou^ 49. At 

10 92, the New SGSN returns an Attach Accept message to the mobile tenninal. The 
mobile terminal returns an Attach Complete message 93 to the New SGSN, and at 
some later time initiates a Registration at 94. 

The new SGSN 12 forwards the Registration at 95 to the New MSC 1 1 which 
may be a TIA/EIA-41 gateway or sraving (G/S) MSC. The New MSC and the 

15 TIA/EIA-41 HLR/AC 16b then perfonn authentication procedures at stq> 96. The 
New MSC then sends a Registration Notification (REGNOT) Invoke message 97 to 
the HLR/AC. The HLR/AC sends a Registration Cancellation (REGCANC) Invoke 
message 98 to the mobile terminal's previously serving (Old) MSC 32. The old MSC 
then sends a REGCANC Return Result message 99 to the HLR/AC. The HLR/AC 

20 sends aREGNOTRetumResultmessage 101 to the new MSC and includes the PPSC 
40. The New MSC sends a Registration Accq)t message 102 to the New SGSN 12 
which forwards the Registration Accq>t message at 103 to ttie mobile terminal IS. 

At a later time, the mobile tenninal IS originates a call at 104. The network 
then performs call delivery procediires as known in TIA/EIA-41 . The Now MSC 1 1 

25 begins sending partial CDRs 106 to the PPC 19 in response to receiving the PPSC 40. 
At 107, die PPC calculates a new account balance for the prepaid subscriber and 
determines that the balance is greater fbaa zero. At 108, a partial CDR is received m 
the PPC, and at 109, calculations show that the prepaid subscriba's balance is equal 
to zero. The PPC tiien sends a message 1 11 to fte HLR/AC 16b indicating that the 

30 prepaid subscriber's subsci^tion should be erased. At 1 12, the HLR/AC sends a 
message to the New MSC indicating that the subscription has been erased. The New 
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MSC then disconnects the call with the mobile tenninal at 1 13, and the process is 
complete. 

FIG. 8 is a message flow diagram illustrating the flow of messages between 
netwoilc nodes during an Inta--SGSN Re-Selection procedure. Atstep 121,themobile 
S terminal 1 S sends a Routing Area Update Request message to the New SGSN 12. The 
network then performs the GPRS Inter-SGSN Routing Area Update procedure shown 
in Figure 3, steps 62 through 75. At 122, the New SGSN returns a Routing Area 
Update Accept message to the mobile terminal. The mobile terminal returns a Routing 
Area Update Complete message 123 to die New SGSN, and at some later time initiates 
10 a Registration at 124. 

The new SGSN 12 forwards the Registration at 125 to the New MSG 1 1 which 
may be a TIA/EIA-41 G/S-MSC. The New MSG and the TIA/EIA-4 1 HLR/AC 1 6b 
then perform authentication procedures at step 126. The New MSG then sends a 
Registration Notification (ElEGNOT) Invoke message 127 to the HLR/AC. The 
15 HLR/AC sends a Registration Cancellation ^GCANQ Invoke message 128 to the 
mobile temiinal's previously serving (Old) MSG 32. The old MSG then sends a 
REGCANC Return Result message 129 to the HLR/AC. The HLR/AC sends a 
REGNOT Return Result message 131 to tiie new MSG and includes the PPSC 40. 
The New MSG sends a Registration Accept message 132 to the New SGSN 12 which 
20 forwards the Registration Accept message at 133 to the mobile terminal 1 5. 

Thus, the ANSI-41 REGNOT Return Result message is modified to cany the 
new PPSC 40 for the GPRS Attach-nA/EIA-136 Registration and forthelnter-SSGN 
Re-Selection procedures. 

FIG. 9 is a flow chart illustrating the steps of the present invention when 
25 creating a Pr^aid Subscription in the SIM Personalization Center (SPQ 24. The 
process be^ at step 141 and proceeds to step 142 where it is detemiined whether 
or not flie prepaid , subscription is a new prepaid subscription. If not, the process 
moves to step 143 where the SPC 24 reads the International Mobile Station Identifier 
(IMSI) and Mobile Station Integrated Services Digital Network (MSISDN) fiom the 
30 existing prepaid SIM card. Theprocessthenproceedstostq) 147 wherethePPSCis 
set equal to 11, indicating a combined packet-switching and circuit-switching 
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subscriptian. 

If the prepaid subscription is a new subscn^tion at 142, the process moves to 
step 144 where the SPC 24 sets the IMSI, Individual Subscriber Authentication Key 
(Ki), and MSISDN for the prq)aid subscription. Theprocessthenmovesto HSwhere 
5 the SPC sends fbs IMSI/Ki pair to the Authentication Center (AuC) 17. At 146, the 
type of prepaid subscription is determined. If the subscription is a combined packet- 
switching and circuit-switching subscription, the process moves to 147 and sets the 
PPSC equal to 11. If the subscription is for packet-switching services only, the 
process moves to step 148 and sets the PPSC equal to 01 . If the prepaid subscription 
10 is for circuit-switching services only, the process moves to step 1 49 and sets the PPSC 
equal to 10. In all cases, the process then moves to step ISl where the SPC sends the 
EMSI, PPSC, and MSBDN to the PPC 19. The process ends at 152. 

FIG. 10 is a flow chart illustrating the steps of the present invention when 
creating or updating a Prepaid Subscription in the PPC 19 and the HLR 16. The 
15 process begins at 161 and moves to 162 were the PPC 19 receives the IMSI, PPSC, 
and MSISDN from tiie SPC 24. At 163, it is determined whether or not the 
subscription is a new prepaid subscription. If not, the process moves to 1 64 where the 
prepaid subscription (PPSQ is updated in the PPC. At 165, the prepaid subscription 
(PPSC) is updated in the HLR. The process then ends at 168. However, if it is 
20 determined at 163 that the subscription is a new prepaid subscription, the process 
moves to stq> 166 where a new prepaid subscription is created in the PPC 19. The 
process then moves to step 167 where a new subscription is created in the HLR, 
including Ae IMSI, PPSC, and MSISDN. The process then ends at 168. 

FIG. 1 1 is a flow chart illustrating the steps taken by the PPC when partial 
25 CDRs are received for a prepaid subscriber. The process begins at step 1 7 1 and moves 
to step 172 where a partial CDR is received in fte PPC 19. At step 173, the PPC 
determines whefter or not the CDR belongs to a GPRS subscriber. If not, the process 
moves to step 174 were the CDR is processed using existing procedures. If the CDR 
belongs to a GPRS subscribCT, the process moves to step 175 where it is detemiined 
30 whether or not the CDR belongs to a prqjaid subscriber. If not, the process returns to 
step 174 where the CDR is processed using existing procedures. If the CDR belongs 



wo 00/69118 



PCT/SEOO/00813 



-15- 

to a prepaid subscriber, the process moves to step 176 where the CDR is rated. 

The process next moves to step 177 where it is determined whether or not 
sufficient funds are available in the subscriber's prepaid account. If so, the process 
moves to step 178 where the PPC charges the account and decrements the account 
S accordingly. The PPC calculates the charges from fbe information in the partial CDR, 
and subtracts the charges from the subscriber's account balance in order to determine 
a hew account balance in near real time. As long as the balance is greater than zero 
(0), no fiufter. action is taken by the PPC. Thus, as additiotial partial CDRs are 
received by the PPC, the PPC calculates the new balance and . determines that the 
10 balance is greater than zero. If) however, it is determined at 177 that there are not 
suf&cient funds available in the subscriber's prepaid account to cover the charges in 
a partial CDR, the process moves to step 179 where the PPC initiates an account 
termination procedure. As noted above, the account may be terminated by sending a 
message from the PPC to the HLR to erase the subscriber's subscription. 
IS Altematively, the PPC may infomi the HLR that the subscriber's balance is zero, and 
the HLR may detemiine from internal logic to notify the MSC or SGSN fliat the 
subscription has been erased. The subscription may not actually be erased in the HLR. 
The process then ends at step 1 80. 

FIG. 12 is a message flow diagram illustratinig the flow of messages between 
20 network nodes when terminating a Prepaid Subscription. At step 181, the PPC 19 
sends a Cancel Prepaid Subscription message to the HLR 16 and includes the PPSC 
40. The HLR tiien soids a Cancel Location message 1 82 to tiie SGSN 12. The SGSN 
sends a Detach Request message 183 to the mobile terminal IS. At step 184, the 
SGSN sends aDelctePDP ContextRequestmessageto the GGSN2S which responds 
25 with a Delete PDP Context Response message 1 8S. At 186, tiie SGSN sends a GPRS 
Detach Indication to the MSCATLR II. 

At 187, the mobile temiinal IS soids aDetach Accept message to the SGSN 
12. The SGSN sends a Cancel Location Acknowledgment 188 to the HLR 16. The 
HLR then sends a Cancel Location message 1 89 to the MSC/VLR 1 1, and at 191, the 
30 MSC/VLR returns a Cancel Location Acknowledgment to the HLR. At 192, the 
cinaiit-switched call is then temiinated. Finally, at 193, tiic HLR sends a Cancel 
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Prepaid Subscription Acknowledgment to the PPC 19, and the process is complete. 

It is thus belieived thai the operation and coustmction of the present invention 
will be apparent from the foregoing descriptioa While the system and method shown 
and described has been characterized as being preferred, it will be readily apparent that 
S various changes and modifications could be made therein without departing from the 
scope of &e invention as defined in the foOowing claims. 
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WHAT IS CLAIMED IS: 

1. A method of providing a prepaid subscriber service to a mobile 
subscriber in a wireless packet-switched telecommunications netwoili, said method 
comprising the steps of: 

storing a prepaid subscriber class (PPSQ in a home location register (HLR) 
in the network; 

sending the PPSC fiom the HLR to a service node serving the mobile 
subscriber when the subscriber registers with the service node; 
beginning a data session by the subscriber; 

in response to the PPSC, periodically sending partial call data records (CORs) 
during &e data session from the service node to a prepaid center (PPG); 

calculating in the PPG in near real time, a new account balance for the 
subscriber; and 

ending the data session when the account balance is reduced to zero. 

2. Themethodofprovidingaprepaidsubscriberserviceofclaim 1 fiirther 
comprising the steps of: 

sending a Packet Data Protocol (PDP) activation request from the mobile 
subscriber to the service node; and 

sending the PPSC from the sovice node to a gateway service node when the 
PDP activation request is received in the service node. 

3. The method of providing a prepaid subscriber service of claim 2 
wherein the step of periodically sending partial CDRs during the data session fiom the 
service node to the PPC includes sending partial CDRs covering charges for radio 
network usage, and the method further comprise periodically sending gateway partial 
CDRs during the data session fiom &e gateway service node to the PPC, the gateway 
pmtial CDRs covering chaises for data network usage. 

4. The method of providing a prepaid subscriber service of claim 1 
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wherein the step of ending the data session includes the steps of: 

sending a first message finm the PPC to the HLR to erase the subsciiber's 
subscription; 

sending a second message from the HLR to the service node notifying the 
5 service node that the subscriber's subscription has been erased; and 

ending the session by the service node in response to the second message. 

5. The method of providing a [uepaid subscriber service of claim 1 
wherein the step of ending the data session iiicludes the steps of:. 

10 sending a first message from the PPC to the HLR indicating the account 

balance is zero; 

determining in the HLR to send a second message from the HLR to the sendee 
node notifying the service node that the subscriber's subscription has been erased; and 
ending the session by the service node in response to the second message. 
15 . 

6. The mettiod of providing a prepaid subscriber service of claim S 
wherein the step of determining in the HLR to send a second message from the HLR 
to the service node notifying the service node that the subscriber's subscription has 
been erased includes the steps of: 

20 retaining the subscriber's subscription in the HLR; and 

falsely notifying the service node that the subscriber's subscription has been 

erased. 

7. A method of providing a pr^aid subscriber service to a mobile 
25 subscriber in an integrated wireless telecommunications network having a circuit- 
switched portion and apacket-switched portion, said method con^sing die steps of: 

storing a prepaid subscriber class (PPSC) in a home location register (HLR) 
in the network; 

sending the PPSC from the HLR to a Mobile Switdiing Center (MSQ serving 
30 the prepaid subscriber when the subscriber regjsteis in the circuit-switched portion of 
the network; 
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sending the PPSC from the HLR to a packet-switched service node serving the 
prepaid subscriber when the subscriber registers in the packet-switched portion of tiie 
network; 

upon begiuning a circuit-switched call by the mobile subscriber, periodically 
5 sending partial call data records (CDRs) fit>m the MSC to a prepaid center (PPC); 

upon beginning a packet-switched data session by the mobile subscriber, 
periodically sending partial CDRs from the packet-switched service node to the PPC; 

calculating in the PPC in near real time, a new account balance for the prepaid 
subscriber, and 

1 0 stopping the prepaid subscriber service when the account balance is reduced 

to zoo. 

8. The method of providing a prq>aid subscriber service of claim 7 
wherem the step of stopping the prepaid subscriber service when the account balance 
15 is reduced to zero includes the steps of: 

sending a first message from the PPC to the HLR to erase the subscriber's 
subscription; 

if the mobile subscriberis currently conducting a packet-switched data session, 
sendingasecondmessage from the HLR to thepacket-svritched service node notifying 
20 the service node fliat the subscriber's subscription has been erased; 

if the mobile subscriber is currently placing a circuit-switched call, sending the 
second message from the HLR to fte MSC notifying the MSC that the subscriber's 
subscription has been erased; 

ending the data session by the packet-switched service node in response to the 
25 second message if the mobile subscriber is currently conducting a packet-switched 
data session; and 

disconnecting the circuit-switched call by the MSC in response to the second 
message if the mobile subscriber is currently placing a circuit-switched call. 

30 9. The method of providing a prepaid subscriber service of claim 8 

wherein the HLR retains the subscriber's subscription in the HLR, and felsely notifies 
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the service node that the subscriber's subscription has been erased. 

10. A method of providing a prepaid subscriber service to a mobile 
. subscriber in a wireless packet-switched telecommunications network, said method 

5 comprising the steps of: 

sending a Subscriber Type field in a message &om the HLR to a packet- 
switched service node serving the mobile subscriber when the subscriber registers with 
tiie service node; 

beginning a data session by the subscriber; 
10 in response to the Subscriber Type field, periodically sending partial call data 

records (CDRs) during the data session finom die service node to a prepaid center 
(PPQ; . 

calculating in tiie PPC in near real time, a new account balance for the 
. subscriber; and 

1 s ending the data session when the account balance is reduced to zero. 

11. A meflwd of providing a prepaid subscriber service to a mobile 
. subscriber in an integrated wireless telecommunications network having a circuit- 
switched portion and a packet-switched portion, said method comprising the steps of: 

20 creating forthe mobile subscriber, a combined subscription for circuit-switched 

services and packet-switched services in a home location re^stcr (HLR) in the 
network; 

creating for the mobile subscriber, a combined account for circuit-switched 
services and packet-switched services in a prepaid center (PPC); 
25 sending a Subscriber Type field in a message fiom the HLR to a Mobile 

Switching Center (MSG) serving the prepaid subscriber when the subscriber registers 
in tiie ciicuit-switched portion of the netwoik; 

sending the Subscriber Type field in a message from the HLR to a packet- 
switdied service node serving flie prepaid subscriber when the subscriber registers in 
30 the packet-switched portion of the networiq 

upon begnning a packet-switched data session by the mobile subscriber, 
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periodically Bending partial call data records(CDRs) from the packet-switched service 
node to the FPC; 

upon beginning a circuit-switched call by the mobile subscriber, periodically 
sending partial call data records (CDRs) from the MSC to the FPC; 
5 calculating in the FPC in near real time, a new account balance for the prepaid 

subscriber's combined accoimt; and 

stopping both die circuit-switched services and the packet-switched services 
when the account balance is reduced to zero. 

10 12. A system for providing a prepaid subscriber service to a mobile 

subscriber in a wireless packet-switched telecommunications network, said system 
comprising: 

a home location re^ster (HLR) which stores a prepaid subscriber class (PPSC) 
for the mobile subscriber; 
IS a packet-switched service node serving the mobile subscriber; 

means for sending the PPSC from theHLR to the packet-switched service node 
when the subscriber registers with the network; 

means for setting vp a data session by the subscriber, 
a prepaid centa (FPC) for calculating in near real time, a new account balance 
20 for the subscriber; 

means within the service node forperiodically sending partial call data records 
(CDRs) during the data session to the PPC in response to the PPSC; 

means within the service node for ending fhe data session when the account 
balance is reduced to zero. 

25 

13. The system for providing a prepaid subscriber service of claim 12 
fiirther comprising: 

a Short Message Servic©<jateway Mobile Switching Center (SMS-GMSC); 

and 

30 means within the PPC for sending SMS messages with a status of the 

subscriber's account to flie SMS-GMSC. 
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14. A system for providing a prepaid subscriber service to a mobile 
subscriber in an integrated wireless teleconmiunications network baving a circuit- 
switched portion and a packet-switched portion, the system comprising: 

a home location register (HLR) which stores aprepaid subscriber class (PPSC) 
5 for the mobile subscriber, 

a Mobile Switching Center (MSC) serving the prepaid subscriber in the circuit- 
switched portion of the network; 

a packet-switched service node serving the prepaid subscriber in the packet- 
switched portion of the network; . 
1 0 means for sending the PPSC from the HLR to the MSC when the subscriber 

registers with the MSC, and for sending the PPSC fixjm the HLR to the packet- 
switched service node when the subscriber registers with the packet-switched service 
node; 

means for setting np a circuit-switched call for the subscriber, 
1 S means for setting up a packet-switched data session for the subscriber, 

means within the MSC for periodically sending partial call data records 
(CDRs) during the circuit-switched call to a prepaid center (PPC) in response to Ae 
PPSC; 

means within the service node for periodically sending partial call data records 
20 (CDRs) duriiig the data session to the PPC in response to the PPSC; 

means vnthin the PPC for calculating in near real time, a new account balance 
for the prepaid subscriber, 

means within the MSC for disconnecting the circuit-switched call when the 
account balance is reduced to zero; and 
25 means within flic packet-switched service node for ending the data session 

when the account balance is reduced to zero. 

15, A method of providing a prq>aid subscriber service to a mobile 
subscriber in an integrated wireless telecommunications n^ork having a circuit- 
30 switchedpoitionandapacket-switchedportion,saidmethodcomprisingthestepsof: 
creating for the mobile subscriber in a home location register (HLR) in the 
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' netwoik, a subscription for at least one of a circuit-switched service and a packet- 
switched service; 

creating for the mobile subscriber in a prepaid center (PPC). an account for at 
least one of the circuit-switched service and the packet-switched service; 
S soiding a pTq)aid subscriber class (PPSC) in a message from the HLR to a 

Mobile Switching Center (MSC) serving the prepaid subscriber vihexi the subscriber 
registers in the circuit-switched portion of the networic; 

sending the prepaid subscriber class (PPSC) in a message fix>m the HLR to a 
serving packet-switched sravice node serving the prepaid subscriber when the 
10 subscriber registers in the packet-switched portion of the network; 

sending the PPSC in a message fiom the serving packet-switched service node 
to a gateway packet-switched service node at a Packet Data Protocol (PDP) context 
activation; 

upon begiiming a packet-switched data session by the mobile subscriber, 
IS periodically sending partial call data records (CDRs) from at least one of the serving 
packet-switched service node and the gateway packet-switched service node to the 
PPC; 

upon be^nning a circuit-switched call by the mobile subscriber, periodically 
sending partial call data records (CDRs) fiom the MSC to the PPC; 
20 calculating in Ae PPC in near real time, a new account balance for the prepaid 

subscriber's account; and 

stopping at least one of the dicuit-switched service and the packet-switched 
service ■wbtn the account balance is reduced to zero. 
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Field 


Descriplion 


IMSI 


international MotNle Subscriiwr Identity. 


NSAPI 


Network layer Senrioe Access Pdnt Identifier. 


PDP Type 


PDPtype,e.g.,X.25oriP. 


PDP Address 


PDP address ag., an X.121 address . 


Dynamic Address 


Indicates wlielher PDP Address is static or dynamic 


QoSF>rof!ie Negotiated 


The qualBy of service profile negotiated. 


SGSN Address 


Tlte IP address of ttie SGSN currently sending ttiis HAS. 


Access Point Nanw 


The APN requested tiy the MS. 


MNRG 


Indicates vrheiher the MS is marked as not reachal)le 
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Recovery 


Indicates if the SGSN is perfbnning dataliase recovery. 
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Rendering Required 


Spedfies whether the GGSN shaO reorder N-PDUs 
received from the SGSN. 
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